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Caiculation Procedure for Mach § Engine 
cn 


Ir = 


ne Ae Oe IE OS Oe ae 
“a 
b 
oes 
~*~ 


ve = DalFe) 


ae (F7A) (or i) 
»= .412 


Ne 
Ny « 295 
He = 18894 Btu/lbm fuel 


At 100,000 ft and M = 8 


T, = 420.1°R 

Py, = 22.32 lb/ft? 
6, = .000996 1bm/tt? 
V, = 8050.96 ft/sec 


.: —_ (42) (28894) (778) 
ro f 5051 
. Trp = 752.25 sec 


Assume: L/D = 6 
L = 430,000 lb 
D = Fy = 75000 lb 


F 75000 
- © 752-025 


We = 94.72 lbm/sec uel 


To Calculate the stoichiometric fuel-air ratio (F/A) assume the fuel ‘s MCH 
converted to Ho and C7He: 


-75 Ho + .25 CpHaq + 2.625 Oo + 2.625(3.76)No 
1.75 H2O0 + 1.75 COz + 9.87 No 
The aversge molecular weight of the frel: 25.25 
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[#74 = 0668 | Assuming E.R = 1.0 


4.72 


Ar = Tee TT cowoo OS1) 


Station 3. 
Use the Dugger Equation for the total pressure drop fros Station 1 
2 3: 
Pe \ 77 
Pe ar 
eee TG F317 


then 


(Pt,/Pg)*#2° = 1.5248 


(Pt,/Pts) = kh, 
From the isentropic flow tables at “= 8 


P,/Py, = .000102 


P, 22.32 lb/ft? 
ty 000102 ) (iki, “in?7r¢ 


Pp, = 1519 1b/in® 
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Part Il] 
1819 ib/in® 
Pe, = ars 
Pe, = 348 1b/in? 
Asa ime: 


[ms = 2-5] then 


From the igentropic flow tables at M = 2.5 


Po/P,, » .05853 


Ps = 20.8 lb/in« 


Asyune the enthalpy at 1 and 3 are equal: 


he h h «Site 490.1 VI4)? 
ua. 1) Whoo. 
he, = 100.32 + By a eee 


hy, = 1394 Btu/lba 


By trial and errcr Ts = 2500°R 


2 
2.5)&9.1 2500) 
Bey = T3255 + “STs TB) 


he, = 1395 close enough 


ae 20.4) (14h) 
2 rcs Sao 
by = .0220 lb/ft? 


Station 5. 


By an iterative procedure calculate the heat transfer from the 
casbust‘on area assuming 2000°R wall temperature and tims the total tempera- 
ture rise. Then using a Rayleigh line relaticnship the remaining conditions 
at Station 5 may be determined. 
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Part II] 
First calculate the flow area and heat transfer area: 
B= O5AGVy = 14,7) 
¥5 = (2.5)(&9.1) 2500 
Va = 6140 
10.0 © xr,? - ars? = 169 - «rs? 
Ts = 7.13 ft 
Rydraulic Diameter Dy 
tes bAS . 4 (20.9) 
Py ex{7eii) + ax({i. 
Dy = hhh 
Assume time for combustion acd mixing can de accomplished in 2 usec = .&2 sec 


and the averace velocity in the combustor ts 5000 ft/sec. 
The length of the combustcr then is L 


L = (.002) (5000) 


[z= 1 tt] 


Forming a heat balance om the combustion area 
(hpt - hp,') - (hg’ - op,') - a = - bap, 


where: hp’ = enthalpy of the reactants 
bp! = enthalgy of the products 
hyp, = heat of combustion 
qa = heat transferred per lha fosl 


Heat of combustion calculaticn: 
BRP * Bere ORPo)c H+ He (aPo)y, 
MBCrH, = «933 lbm C7He/lom Mel 


mH = 062 lbm Ho/lbm fuel 
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The reactants: 


Asgume: 


= 0176) Btu /its 
= -5259" 3oi/ibe 


(.938}(-17601) + (.062)(-51592) 


BRP . -1970P 25 Seu /lba Med 


air a 
My ts 
a Ae Re eee (ce | 
a?) air ‘air fuel 42300 sa7 
(¢.625 + 9.67) 28.95 ‘Le FQ 
2 35.05 < (645,78 - 128. 34) 


(ht - fo"). » Thiz.8 Stu/lom fuel 


(nr Ro") mel * CPniei'* > to) 


CPniey * -766 Btu/ibm - °F 


t 2 900 °F 


(ht = Ho") aay = 4-766) (900 - T7) 
(ht = ho')ai.y = 651 Btu/lom fel 


hy’ - hp,’ > 8043.6 Btu/ldm fuel 


The products: 
Calculate enthalpy of products as function of temperature and 
make plot, 
Constituent n Sesr Rycoo mh fiscnoo mh Anse adh 
CO2 1.75 8O3O 5231 TOlC2 skOOC lokokS 69677 114881 
He LTS. WO58 OMEG —GSMOh 55327 85871 58939 uot 
Ne 9.87 3730 323529 272W06 OOO 358773 AIT 3OIBSe 


414913 5k9591 6017TT1 


porate! ndh 
(npt = Bpo') = He > 25.25 
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AFAPL -TR-A7 116 
Poet OS 
Teap, ee 2 BPC! e 
Btu/Ibe Puel 
ko00 1632 
5000 217665 See plot om following page (Figure 72) 
5380 23833 


Estimate of Heat Trensfer Pros the Combustor: 


Procedure: 
l. Aseume Temperature at Station 5 
2. Calculate Mach paver ond preseure et Station § fron 
Rayleigh line 
3. Assume lineer variation cf pressure and temperature over 
length of combustor 
bh. Calculate density, velocity, viscosity, Reynolds Maxber, 
Nusselt Nuaber, correction constant for high velocity 
heat transfer, thermml conductivity, beet trensfer 
coefficient, adiabatic well temperature and the final - 
product, bPGt, where P ‘s the wetted perizeter, 
Bt © tay - ty and ty = Q000°R, and bh is the lows] hest 
_ transfer coefficient. 
5. From curve of hAit ve x calculate hest transferred; 
L 
=f sas 
x20 
6. From q and (at = ho'}p, (h' = ho')}p and dep, calculate 
. temperature at Stating 5. 
7. Return to 2 until temperature used to calculate values . 
end calculated temperature ere equal. 
Example: 
Station 3: 
M 22.5 
P = 20.4 
Tt = 2500°R 


(P/Pe) = .2k616 
(T/Te) = . 3787 


Aseuse = T, = 5637.5°R 


@ e@e © 


. {fer sg 
(t/Te)s s (t/Te)s Ts/Ts 2 (. 5787) U 7 


2X.) 
(T/Te)g = .85%0 


i  AFAPL-TR-47-114 
F . Fro Rayleigh Line; 

f Ms = 1.31 

(P/Pe)s = «79535 . 

Ps @ (P/Pe)a/(P/Pe)s Ps @ (.70535)/ (.26618) (20. % 
Ps * $6.45 1b/in? 


xP Tt fo) v u Re . 


No, 

(MeO) 
20.8 2500 .022 6150 3.8 1.76 1330 2.50 .65 66.5 Obed 
2.3 «631100 «CR SKHBZ 5B iSB OZTO 2.06 «675 95S OH 
35.6 37hO -026 5200 4&2 1.83 1220 1.73 .€1 9968.2 .Ch2 
b3.30 R370) TOOT iG 130) 170s aK OS. OR 
SL.0 ScOO) 3 .028 ba72 4.9 | Lak 61lkS) | 6LLkO 88 1K7.6 «OTe 
58.45 5637.5 .C28 4828 §.28 L17T lio L31l .& 987.9 .cT3e 
Extrapclated (based on air at low pressures) : 


r 
5Banerno 


x Pr Priy3 Taw/T Tay St ohh nPat 
O .73 .90 2.125 5312.5 3332.5 §$3.% 2.80 x 107 
2 .75 «91 LTT 550.7 350h.7 120.1 3.81 x 10” 

—& 6% 692-155) ST9T.0 «(3797.0 138.0 &.7h x 107 

6 

8 


‘aca eR Bg tS Ligeannaenaiere ae Dette a a ee BAL eel ae see 


90 1.0 1.47 6823.9 &h2%.9 151.6 6.07 x 10” 
1.00 1.0 1.39 6950.0 4950.0 167.9 7.52 x 10” 
10 100 1.0 1.3% 7554.3 5554.3 175.8 8.64 x 10” 


In the adove calculations the following expression were used: 

po = P/RT where R = 53.34 

¥=0:/V:/p = 135.2/o 

ne = Ono 

vu 

Ma, © (Re, Pr) from Kays**) erpression for turbulent Slow inside 
concentric anmlli at ri/ro = 1.0 Gee Fig.re 73) 
; M = ¥/(49.1V7) 
C @ From Kays page 13.28 for affect of high relocity on Stanton No. 
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a 
I 
Mie Ch, 
1 
/3 
Twt 21+ 2 (y - 1) were y « L& 
Ot © (Tay - Tw) © (Tay - 2000) 
P @ 2nrt  2xro = 90.5 ft 
reL 
Then: qie -| (nPOt), dx This is expression is integrated 
x=0 / ‘graphically fras Figcre 7s 
} q’' © - 5.575 x 108 Btu/hr 


Bair = 0rA,V, « &.879 x 10® lbe/hr 
3 -575 x 108 

as - fgets 

qQ = - 1.1426 x 107 Btu/lbe air 


q! 1.1426 x 10? 
oa Ronse": 


q'_= ~ 1637 Btu/lbm fuel 
Now to calculate the combustion temperature: 
(at = bo"), - (ht Bo"), - Q" = = Dep, 
(nt = ho’), - 8043.8 + 1637 = - (-19708.5) 
we (h' - ho), = 26115.3 Btu/ltm fuel 
From curve in Figure 75 this gives a temperature: 
Ts = 5800°R which does not agree with assume temp, .”. receloulate 
However, by plotting ‘the caisaiated temperatures vs the eseumed 
temperatures we can find the point they are equal. In addition by 


the heat transferred vs the assumed temperature we can obtein the ectual heat 
transfer at the actual temperature - see curves in Figure 75. 
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Then (T/Te)s © (. 3787) So50 


(T/Te)5 = .877%8 Crom Rayleigh line ve get 


[re = 2.265] 


(P/Pe)s = .7hO 
.ThO 
Py @ “oasis? (20.4 


[rs = 61.3 b/s? | 


1. Isentropic expansion fram 5 to 6. 
2. Ag = 313.58 ft? (D = 20 ft) 


(A/Aw)e = (A/Ae)y AB aw (22052) (515.58) 


Ag” 10.0 
(A/A*)a = 32.89 


(P/Po)g = .001538 


P (.001538 ) (61.3) 
ek oe °3TT 


| Pa = .250 Tb/ tx? | 
7 
Te = Eirode Ts 
Te » {158 1) feTo1) , 


¥ = (5.28)(49.1)Vilr7.o8 
Ve = 8897.48 ft/sec 


AFAPL -TR-67-114 
Port [I 


0 
\ . 


ge = -COOsyh lta/rt> 


Calculate Thrust, Specific Lapulse, and Overall Efficiency: 


ee * 


Thrust © Pg = fg - f, - Pi (he - A;) 
2 
fas ha(Pe + mn east) 


From tugger*?) 
f, * n(r Ad ant) 


fo Sh2655.1 1b 
ae 313.58(36.05 P seco 8 | 


2.2 
fas 431703.9 1b 
Fg = &31703.9 - 3h26eb.1 - 22. 32(313.58 - 169.) 


Fg = 85833.22 1b 


Specific Impulse: 


Dy (Fz) 
, cia We 


We = fortvAy = (.0698) (000996) (169. ) (8052) 
We = 94.6 lbm/sec fuel 


Overall Efficiency: 


APAPL-~TR-d7-114 
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a 1.96 (8050. 96 ied 
ss = SO. 2 - ) 
(19708. 5 > i. (Tie 778 


of Neat Transfer From Noszle: 


Consider the nozzle below: (Note: the vaiues below are not the 
, final but a first estimate) 


ko ft 


Flow Area: 
Pe - Ty = 9.75 - 7.28 = 2,47 


tan og = 222 = 06175 tan o, = EE = 1257 


@2 = 33° 
Fron as Otox=10 where re = rg - x tan 62 = 9.75 - x (.06175) 


Fron x = 10 to x = 40 Ay = ars? - x7? tm = (x - 10) tane, = 


—ont —_—_—— 
x'whO-x 
xu rt At ™ Ab Ay 
, on nn: eG >: > P-L) 0 298.8 
x 10 9.13 262.0 ce] _ Oo 262.0 
20 2 8.52 227.8 2.37 17.6 210.2 
10 3 7-90 195.9 TR 70.6 125.3 
5 35 7.60 180.9 5.92 110.3 70.6 
4 % 7.53 178.9 6.16 119.3 58.7 
3 37 TekT 175.1 6.40 128.6 46.5 
2 3 7.40 172.2 6.6% 338.3 33.9 
1 BS) T. 199.3 6.87 148.4 20.9 


ee ee 
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Assuming isentropic expansion to each point: 


U/he)y * Bieltg © iphy © 10967 de (f0?) 


This yields ea Mach Number fram Isentropic Flow Tables. 
(T/Toly . (T/To)e S865 
: aes aa 


T 
x A/Tols 


= 7527.5 (T/Tole —(°R) 


(Pitas p , (F/Po)x $8 
(P/Po)s 3 325 


Vg = Myb9.1VTx (ft/sec) 


Py = 167 (P/Po)y —(1/4n*) 


Et an 2.7 Py/Tz = (1b ft) 
Ox 53. ys Ty ° z 


(A/Aw), MM = (P/Po), Py (T/To)y ts: Vy 


ox 
2.292 2.35 .O7% 12.38 «=.&75 = «3525 6851 .00948 «bh x 1075 
3.718 2.86 .03% 5.68 . 2815 7451 .0OSks 


a 


3T9 
5.10 3.20 .020 3.38 4328 «9 2h30-s TTS «00371 3.68 
6.44 3.45 018 2.54 -290 2150 7855 .COegk 3.47 
7.7% 3.6% .0108 1.81 27% = =62063 8118 1.02% 3.40 
13.7%  &.28 0050 .8% .220 1656-8552 .00135 3.07 
23.05 &.90 .00213 .356 .172 29h 865k .0OUT% 2.75 
28.73 5.10 .00165 ~ .276 .160 1200 867% .00062 2.66 
32.89 5.28 .0015% -257 15% . 1160 8831 .00060 2.62 


| 4 Assume the heat transfer relation is turbulent flow flat plate. § 


ES8Buerune 


Nu, = ¢(.332(Pr)/3(Rey)/2) = clu, 


Re « 22 ' @ = correction foe high soeed 
ere flow (Kays,**) p. 13.28) 


n= Se (Btu/hr-ft?-°F) 
x! Re Rei/2 Pr Pr¥S mu. c My &k h 


1 1.475 x 10° L2ikx 105 .83 .9% 378.9 .70 265 .065 17.2 
2 2.06 1.435 4.76 9h 33.5 663 273 0587.9 
3 2.34 1.530 Th 90 57.2 .58 265 105k 8 
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dt 
5184.8 
4959.6 
4909.0 
4756.3 
4983.1 
5116.3 
4886.4 
4818.2 
4981.0 


887.0 
502.0 
575.0 
638.2 
726.9 
89.2 


Peet 1! 
x’ Re nat/? Pr 
bh 2.66 1.63 .73 
5 2.82 1.68 .73 
10 3.79 1.946 .71 
20 4.66 2.16 «TO 
30 6.06 2.46 «70 
bo 8.06 2.88 .696 
i 
Tay © Tr(L + > (y - 1)M*) 
y =14 
re 2 Pri/s 
Ot = Tay - Tw = (Taw - 2000°R) 
Po © 2ary + 2xrp 
x’ Taw 
1 7184.8 
2 6959.6 
3 = 6909.0 
h = 6756.3 
5 6983.1 
10 = 716.3 
20° «6886.4 
30 «= « 6618.2 
to |= 6981.0 
Then; 


x'akd 
qu = f (nPAt ),dx* 
xr'=0 


e My &k h 
55 268 .050 3.6 
Se 271 .049 2.7 


Integrating graphically from curve of x’ vs ht in 


Figure 76 we get, 


ay = 47.8 x 10° Btu/ar 
47.8 x 10° Btu/hr 
Qn 2 


4.879 x 10° 


ibs air 
hr 


were en ees me mee 


* 
eperees w= 
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Figure 72. ENTHALPY OF PRODUCTS OF COMBUSTION 
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Dwecription of the P:ise Reacicr 


The pulse reactor wes a 1/b-in. CD stainiess steel tude (He XA) 
S-2% tn. law: and 0.022 in, wall thickness. Swagelok Tees were fasteset at 
@ach emi and cone erm cf the Tee served as ar iniection pert. A mubber sects 
(GLO type) wes held in place by the fitting mt and the feed was iniected 
through “nis septia from a syringe. A five inch length of the reacccr tute 
was surrococed by a seccmdary firmace liner emi the voole was heated ty an 
electric furnace, The secondary liner had seven redial drilled holes for 
thermocouples, and the holes were located as shown in igure 7). A schematic. 
diagrem of the pulae reactor {s shown in Figure 77. 


All linee were i/h-'n. OD staicless steel tubing (No. 304). Adaut 
26 in. of line just pricr to the reector ves wrapped with heating tape cad 
constituted a gas preheater. About & in. of the preheater section was filled 
with quarts chips (10-20 megh size). 


In the pulse reactor system the carrier gus vas netered *hrach 8 
Totemeter (Figure 77) and passed through the preheeter section and ints the 
reactor. The exit gus passed into a manifold and then into the CLL. The 
purpose cf the manifoid was to maintain the exit gas sresgure slightly 
greater than the gus pressure in the GLC. This was done by adjusting the 
pressure control valve and the vent valve. The manifold was wrapped with 
heating tape and was maintained at K2° to 356°F. The infection port 
temperature was about 4S0°F. The pressure ccatrol and the vent valves vere 
needie valves (Hoke No. 1315) and the GLC valve war a lever cperated valve 
(Bake No. 490). 


To carry out an experiment the reactor was brought to temperature 
and the carrier gas flow rete, reactor pressure and manifold pressure vere 
ed justed ty means cf the appropriate flow comtrol valves. ‘Then with {nert 
gea flowing to the CLC a pulse was injected through tne lower infection port 
and rubeequently analyzed. This gave an analysis of the starting material. 
A pulse vas then injected in the top injection port, passed over “he catalyst 


and analyzed. 


In this system the space velocity was obtained from the inert gas 
flow rate. Figure 73 shows the pulse reactor system with the secondary 
furnace liner in place; Figure 60 shows the GLC analysis system. 
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vesacription of the l1/lkin. CD Flow Reactor 


In order to test caniidata fuels that are in short supply one 
section of our laboratory dual reacicr aystem was modified in the foliowing 
manner, 80 that l/b-in. QD reactor tubes cauld be used. 


In our laboratory reactor systems the furnace {a 26 in. overall 
length aod contains four heating elements of lengths 4", 8*, 8", &”" located 
fram top tc bottom !n that order. The ater shell of the furnace extends 
ome inch beyond the top and bottom of the heating elements. ‘The furnace 
consists of two hinged halves and opens lengthwise. Zach half contains a 
heavy Meehanite liner with a groove down the center to bold the reactcr tube. 
When closed the grooves form an opening 7/8 inch in diameter. 


To modify the epperatus, a secondai, furnace liner vas fabricated 
from a 7/8-in, stainless steel rod (No. 416), 13 inches long. A 0.257-in. 
diameter hole was drilled down the center to acccumodate a l/h-in. OD reactor 
tube. Seven holes were drilled radially from the outside to the center hole 
in which thermocoiples were cemented. The thermocouples were 1-1/2 inches 
apart and the tcp couple was 1-1/2 inches from the tcp of the liner. The 
thermocouples were situa‘-d 30 that they just touched the reactor wall. ‘This 
secondary liner was placed in the Meehanite liners at the very bottam of the 
furnace and extended one inch below the botiom heating element. Figure 81 
shows the construction of the secondary liner and its position in the furmace. 


The reactor was s stainless steel tube (No. 304) 30 inches long, 
l/%-inch OD with 0.035" wall thickness. Reection was carried aut in the 
lower part of the tube and the top pert served as a feed preheater. Tae 
reactor was furnace-heated and a 13" long secondary furnace liner surrounded 
the reactor tube at the reecticn zone. Figure 81 shows the secondary furnace 
liner and its position in the furnace. ; 


The reactor wall temperature was meesured at seven points along the 
tube. The points were 1-1/2 inches apart and the top point was one inch 
below the top of the secondary liner (Figure 81). ‘The temperature of the 
reactor wall varied down the tube and Figure Ce showg the temperature variae 
tion for a furnace block temperature of 12G’r. 


The maximim reaction rate will occur in the region of maximm 
temperature. Presumably the rate in that portion of the tube whose tempera. 
tare was 18°F (10°C) or more below the mximim temperature, did not contribute 
appreciably to the overall rate. Thus the "effective" volume cf the tube vas 
that portion of the tube whose temperature vas within 18°F of the maxim wall 


temperature, and whose volume ves determined fram @ plot such us Figure &. 
The “effective” reactor temperature was taken as 9°F below the maximum 
temperature. . 
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Micro Cataivyat Test Reactcr Date 


The micro catalyst teet reactor (MICTR) and the operaticnal 
techniques used for screening camiidate catalys<s have been described in the 
Appendix of the last Anmal Report.'°) No further changes have been nade. 
Catalysts are tested with MCH at LHSV 100 and 662, 752 amd Gu2°F, at 10 ata 
‘pressure without added hydrogen. Figures 8&7 through 89, cf reference 18 show 
the apparatus in detail, except for the changes noted {mn reference 16. it 
has deen found that more consistent results are obtained if a fresh loading of 
the reference catalyst 9074-139 is mace each week as a base point for calibra- 
tion, rather than using the same rererence catalyst tube over and over again, 
gince the activity gradually declines. Also prepared catalysts have deen 
rescreened to 10-20 mesh to remove fines after impregnation and drying of 
the supports, and this gives more reproducible results. 
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Perlod: June-August 1968 

Condition: 10 atm oressure; catalysts reduced in Ho for 
20 minutes at TO6°%; GLC aamples normiiy 
taken at %-, 3, and l3-cimite cperaticn at 
each dDlock temperature. 

Catalyst Volume: 0.9 ml catalyst diluted with 1.1 ml quarts 
chips; LHSV 100 (catalyst and quarts parti- 
cleg 10-20 mesh unless ctherwise noted). 
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catalyst Volume: C.9 i catalyst iiinuted with 1.1 ai quare: thisrs; GHO7 
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Conditions: 3 ats pressure; catalysts :educed in hytmgen 
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Volume: C.9 mi catalyst diluted with i.1 ai quartz 
chips (10-20 mesh). LHSVY i900 with MCH 
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Meamirement cf Desmaites on Coker Tubes With Nuclear Radtation®) 


Presented here is e summery to date of the results and thoughts 
that have gone into the application of muicleer rediation ag a tool for the 
evaluation of coker tube deposits. Covered are the generes principles, 
electron scattering thecry, prelizinary experimenta, trial apparatca end 
results, and proposed permanent iastriment design. Electron backscatter 
appears *o be the most proeisicg approech and ‘3 the method of primary 
cancern in the vork presented here. 


Thin Flim Measurement With Nuclear Radiation General Principles 
SS a 


Thin fiim measurement with miclear radiation can de accazplished 
either by transmission or scatter cf the radiation. The problem is to select 
the best type energy of radiation and guidelines to such selection that 
are available.5°/57) ‘the deposits of interest have a gurface density in the 
neighborhood of 10° ¢/em® equivalent to an air path of cnly .Ol cx. This 
implies an arrangemen. based on scattering rather than adsorption and the 
provable need of vacuum operation. Possible types of rediation applicabie 
in the present case are summarized in the table below. 


Table lie. METHOCS OF UTILIZING NUCLEAR RADIATION 


Saurce Detected 
Ea Radiation | Radiation Operation 


1 alpha backscatter 


Low scattering cceffi- 
clent, requires very 
high intensity saurce. 


Possible method. Effi- 
ciency very dependent 
on tube metal. 


xeray fluorescence 
in coker tube 


deta backscatter 


Preferred method. 


x-ray flucreacence Similar to method 2. 


xeray backscatte> 


Low efficiency. 


x-ray fluorescence | Low efficiency. 


The conclusion fram this lis is that electron scattering is preferred but 
other factors, not iisted, also lead to the same conclusion. Should an 
alternative method be considered for investigation the use of flcorescence 
from alpha bomtardment is probably the most promising. A tranemiss‘!on type 
of measurement is possible if radioactivity is introduced, by plating for 
example, onto the ccker tube. This method, suggested ty P. Siegel, is 


&; Accnowledgenent ic sade to Dr. Cure.is cf the Analytica partzent for 
this work. 
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preferatie from the point of view cf meesurement to any of those ii3%e¢ abcve, 
Dut the handling of redioactive tubes is a mifficiect ceterrent to cxclide 
the method, 


Electron Backscatter Theory 


An approximate deacription of the relative backscattered electron 
Tiuz to be expected from « coating of thicimess x (g/cm?) on a base of 
effectively infinite thicimess is given ty Tittle**/ as: 


I “liek ls «(uy oA )x 
eats b- ot scott aries oe 


The constants u, A, and @ depend upon the materials involved and the mxiaus 
beta enermy, subscripts 1 and 2 referring to the coating and bese respec- 
“ively, anc 3 to properties of both. Fram relations given by Tittle equation 
(53) in the approximation of small x can te expressed as: 


Bo (o-ee) ee [(b) (Bese) ete) 


in which Z, and A, are the atomic number snd atomic mass of the coating, Zo 
the atomic mumber of the substrate, and E is the maximum beta eaergy in Mev. - 
Approximating the deposit compositicn ty Z,/£, = 0.56 and Z, = 5.9 on an 
aluminum (Zg = 135) dase gives 


fi = 0.28 - HH i | (55) 


as the ratio of scattered to incident flux. ‘The statistics of counting and 
the general level of instrumental variables ig such that {t is not practical 
to measure a change dI/I, of mich less than 1¢. Fquation (55) then predicts 
& saximun energy of 1.1 Kev in crder to detect a thickness cnanze dx cf 107¢ 
ca, assuming unit density for the deposit. Some idee of the range of thick- 
ness measurable with this energy is obtained ty equating (55) to zero vith 
the result x = 3.107% g/em?. This prediction indicates the need of a very 
low energy source though perhaps not as low as 1 Kev if the expected range 
of thickness (up to 10°* cm) is to be covered. Possible sources thet are 
aveciable are listed in Table 135. None of these sources is ag low in energy 
as might be desired, but the least energetic sources should provide a useable 


compromise since even *“C is capable of showing some response to the heerier 
geposits. 
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Table 185,  LOw ENERCY SETA SOURS 


Isctope |Half Life, Years | DSzax., Kev ; Range in Air, cm 


Though not immediately apparent, equation (54) dicts that the 
replacement of aluxinum with auy setal of higher atomic mmoer will preduce 
an increased response to a given deposit. The method depends cn the 
difference, primarily in atomic munber, between coating ard base. This ; 
difference is not large with aluminum so that a successful seasuremen*® in 
this case assures success with heavier se‘tals. 


Pre lininar inents 


Initial tests were aimed at answering three questions: whether 
operation without a vacuus was feasible, whether to nininize abscrption a 
windowless Clow counter was practical, and what mamituce cf response voild 
de observed in practice To this end a suall counter ves constricted 
(courtesy A. Telfer) from one inch brass cubing with a vedg2 snaped end 
opening approximacely one m™ wide. As a source “Ni, having a reascnable 
penetration in air, was utilized in the form of the chicride adsorded cn & 
strip cf filter paper mounted neer the counter entrance. Testa were made 
using a 3/16" aluminum rod covered with various thicknesses cf mylar ff 
and mounted 1/2 cm from the counter. 


This arrangement was unsatisfactory in several respects. ne 
difficulty, not unexpected, was a large dependence of ca:nt rate upon counter 
gas flow rate. This could be contrclied, bit drift beyond this factcr 
occurred that could not be accounted fcr. Stability was sufficient to show a 
cant difference for one mil mylar S{l= but was wholly inadeqiate for the 
detection of deposit films. In short, it was coneclided that vacuu2z cperatice, 
which would require a thin window counter, was necessary end that a icver 
energy beta scurce was essential, 


Trial Apperatus and Results 


The bell jar and :crepump portion of a vacroz deposition epperatus 
were utilized in the following measurements. Feed:hroishs in tne base vere 
provided for piping the flow of canter gas, the hich voltage lead to the 
detector, and a slide fitting to which the ccher tube carid be attached, 
This slide fitting allowed <ranslation and rotation cf the «cer cube in ° 
front of the sourcs and detector for scanning the deposi. cea. 
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A locally constructed thin window flow counter?) was used as 
detectur. This window ig exposed via a 3/32 x 5/3" slot cut in a ome ‘och 
diameter faceplate. The source was counted directly cn tris face about 1/k* 
from the slot. The source itself was a 1/3 x 1/4" eection of @ neutron 
generator targe arranged with a rather wimpie collimator Cachicned fros 
aicsinum foil. The source-to-scatterer and scatterer-tc-detectcr distance 
wag 2.5 cm. 


The esasociated electronics consisted of 1 Baird-Atamic Model 530 
Spectrometer and Printer which provides the necessery functions cf hign 
voltace supply, pulse amplifier, discriminator, camter, and tiver. Origi- 
mally the high voltage was carried into the vacuum to the detector <hroug 
a shielded cable, but this proved unsatisfactory. Atteccts a* ahielding end 
insulating vere not sufficient to eliminate corona and discharge in the vacuus 
with resiitant spurious counting. A sufficiently hard vacuum to elisinate 
this problem was not practical. Inetead, the tish voltage lead aad cammecti 
to the detector were enclosed in copper tubing end arranged to remain at 
atmospheric pressure. 


The beta source used produces as vell, sure v-rays. These contri- 
bute to the scattered flux which is detected ard pro - + a background counting 
rate even at atmospheric pressure. As the air press. .g9 Teduced, a point 
4s reached where the mean free path of the scattered electrons is sufficient 
for them to reach the detectcr and be counted. It was anticipated that a 
maxim:s count rate vould be reached at some pressure and ‘hat this rate would 
remain comstant below this pressure where essentially all clectroms wat ; 
could be scattered toward the detector would reach it. Lneverd, it was fond 
that the count rate reached a mayims: and then decreased with incressing 
vacuum. This maximum occurred at a pressure of approximately 25 tcrr while 
below 1/2 torr the count rate was independent of pressure. Apparently, as 
the prescure is reduced there is a moxim:m in count rate when the coker tube, 
beil Jar wall, and residual atmosphere al1 comtridute to the scattering and 
further evacuation diminishes the aiz scatver nore rapidly <han the incresaed 
scatter from wall ard coker tube. As long ap the pressure remains upier 
1/2 torr this presents no difficuity. 


The coker tubes used in this stucy are cf a miniature variety, the 
section of interest being 2-1/2" long and 1/3" diameter between end sections 
cf 3/16" diameter. The deposit generally covers only a portiom of the centrai 
tibe section, being lightest (visually) near ome shoulder, increasing in 
darkmess toward the center of the tube ana ending fairly abruptly to leave 
apparently ere metal bzyond this point. The scattered intensity measured 
along such & tube is show in Fizure 83. Each point in the figure represents 
a 20 second caunt. The scatter cf these points from a smooth aurve ts 
primarily due to siscistical variations in counting. The rate corresponding 
to an uncoated tube is about 300 c/s, while om the wider tube secticn beyond 
the shoulder it 1s approximately 350 c/s. while the deposi* in this example 
4s a rather heavy one by visual inspection there appears to >: acple sensi- 
tivity in the backscatter response. This is particularly tre considering 
two simple improvements that could easily be introduced. The first involves 
better collimation of the insident beta flux to improve resolution of the 


a) A. Telfer, "A Flow-Proportional Counver for Soft x-Rays", iroeryville 
Technical Progress Report 271-6h. 
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Results with a croup of coker tubes are given in Fiscire £4. 
a 20 sec count wag made at -acn pelnt, Dut with the Limited mincer of puints 
savolved @ cood approximation to the pref{lie ‘3s acquired In rougsly 3 iin. 
Tne two curves for each sacple are scans cppcelte sides of the wiles. 


Tippee 
[- eorerat 


The horizontal line to the right cf each curve {3s an adSisted rate cf MO o/c. 
Tris adjustment was necessary because of an unexplained drift, possibly 


ariaing from the electronics, which coul! be ccrrected for each scan ty 
returning to the starting position, bt: which {s more difficilt to ccrrec 
for in going from tube to tube. 


Calibration points for establishing a thickness scale were cttained 
using sylar fila and ty coating a tube with files cf sol:tion cast nitroceli- 
lose. The mylar film (1/8 ail) ts approaching infinite scattering thicaness 
which sizply means that the eluminua rod ao longer contrib:tes to the 
scattering. At this point the caint rate has dropped fram 300 te 2CO 7/s. 
Reasonably consistent results vere obtained with 1, 2 and 4OOCA of Clic. 
Applied to the five tubes in Figure 54 this gives the following results as 


shown in Table 136. 
~Za/ao , 2X 12, [332+ 21), . o-2Zi/ao) - 
E**** 1A, | 106 + 2, 


x= film thickness, g/cm 


/ 
ae 277 55x Z, 331 + Z, -2,/ 
To 2: 9 + Ff: E (Bee) ( -et «|. 


Composition ZZ, Zi fay 2,9°32 1 = e722/40 K)| 4 chance?) 


CH = 7.7Thwg H 5.613 .5383 1.707 - 2309 1.9ih - 

CHa = livG@H §.23  .572 1.675 -1237 1.&98 -2.0 
CHO,25 «= 23.5040 6.18 .529 L758 1432 1.965 41.5 
CHS.0s) = Uwe S 6.75 .534% 1.80 1553 2.005 3.5 
CHFe,o, = bilwe Fe 6.46 .535 1.78% 1492 2.985 92.5 
CHPb,o0: = lbwt Pb 6.64 .519 L798 +1530 1.997 +3.1 


a} Scaled with CH ag reference. 
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= 3%. MO. 
Aes Avy at. wt. Of coating 
wewt. fraction 


E = max energy of source, MEV 


Tritium « .019 (must be a very soft source ) 


Table 136. RESULTS CN FIVE CCKER TURES 


Max Count Max Filnz 
Rate Decrease | Thickness, A° 


There is little agreement with the visusl ratings. The scattering results 
are, of course, reproducible and independent of cperetcr fudgsent. 


The deposit composition {n calculations with equation (ch) was 
assused to be CH20,25. I*t can approech CHO, s= and may contain up to %4% 
sulfur. Again the effects of composition charges in the deposit on the 
scatvtered intensity can be estimated at least roughly from this equation. 
The main effect from composition changes is in the average fcr Z. Starting 
with CHs0,25 and going to CHo0,209S.os, that is, adding & sulfur is ecuivs- 
sent to a 2% change in apperent thickness. ‘The dependence om sulfur or any 
other heavier element is iarge, as expected, but film measurement within o¢ 


that does not depend on composition ‘tg still far superior to visual estimates. 
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Figure 84. COMPARISON OF DEPOSIT TUBE PROFILES 
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The results coserved abcv- demonstrate the feagibliity c 2 
backscatter as a meeng of quartitative measurement cf ccker uve deposi 
Several conveniences can, however, be incerporated {n « practical inatr 
These include automatic scanning and recormting cf the prof{lie and a cormventernt 
vacuut assextly. 


In respect to scanning {it may be convenient to intesrate or cverace 
teajings around the tube circumference go wiat a cne-ditensicral everace 
along the tube lensth is cbtaired, This can te schieved in either of two 
ways. with a point scurce and detector arrangement tiw a ratemeter output 
the tube can te rotated with a period less «han the tine constant of the 
Tatemeter while being trangiated along {us len-th. A motor driven screw 
motion would achieve this. Ths cltcrnative is % eriaune Oui source and 
cylinder {n the form of rings surrounding the rod. Actuully, a triangular 
array wold provide a sufficient epproximatio tc a eqmtimous ring. The 
mein coat increase would de in respect to three detectors. The source and 
electronics cost increase ig trivial. in this way only a linear motion need 
be applied to the sample tute and eccentricity 1s averaged at. 


Fer the vacccm assembly it may be most ccrvenien® to adapt a 
commercially available apparatus isvolving a tell Jar. Sit a smaller volux 
would allow quicker pumping down and would be scre compact. This couid ve in 
the form of a tube sufficiently long for sacple translsticn and of perhaps 
3" ID. An crternal motor drive world move «he sazple placed cn 2 suitable 
carriage. Source amd detector would t2 mounted in the aid-section waJ1 of 
the tube with collimation om the saurce and cm the detector to reduces 
extranecus backscatter. Electrical camecticns would then all be at atmos- 
pheric pressure. 
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